School of Earth and Environmental Sciences and Research Institute of Oceanography, Seoul National University, San 56-1, Shillim-dong, Kwanak-gu, Seoul 151-742, Republic of Korea A Gram-negative, rod-shaped, strictly aerobic micro-organism, designated strain CL-GR60 T , was isolated from coastal seawater from the East Sea, Korea. A 16S rRNA gene sequence analysis revealed a clear affiliation with the family Hyphomicrobiaceae. Phylogenetic analyses showed that strain CL-GR60
T formed a robust cluster with the species of the genus Devosia at sequence similarity levels of 91.1-93.1 %; no other species in the family Hyphomicrobiaceae shared more than 90 % sequence similarity with strain CL-GR60
T . The strain grew optimally in the presence of 3-4 % sea salts at 30-35 6C and pH 7. The major polar lipids were phosphatidylglycerol, diphosphatidylglycerol, two unidentified glycolipids, an unidentified phospholipid and an unidentified lipid. The strain contained C 18 : 1 v7c (54.7 %), 11-methyl C 18 : 1 v7c (19.3 %), C 18 : 0 (14.4 %) as the predominant fatty acids. Ubiquinone-10 was the major quinone. The DNA G+C content was 62.9 mol%. On the basis of physiological data, fatty acid composition and results of phylogenetic analysis of the 16S rRNA gene sequence, strain CL-GR60
T represents a novel genus and species within the family Hyphomicrobiaceae, for which the name Cucumibacter marinus gen. nov., sp. nov. is proposed. The type strain of Cucumibacter marinus is CL-GR60 T (5KCCM 90027 T 5DSM 18995 T ).
Until recently, the family Hyphomicrobiaceae contained 20 genera: Ancalomicrobium, Ancyclobacter, Angulomicrobium, Aquabacter, Azorhizobium, Blastochloris, Devosia, Dichotomicrobium, Filomicrobium, Gemmiger, Hyphomicrobium, Labrys, Methylorhabdus, Pedomicrobium, Prosthecomicrobium, Rhodomicrobium, Rhodoplanes, Seliberia, Starkeya and Xanthobacter (Garrity et al., 2005) . However, a phylogenetic analysis of 16S rRNA gene sequences excluding six variable regions for 261 species in the class Alphaproteobacteria resulted in the proposal of a novel family, the Xanthobacteraceae, comprising five of the aforementioned genera (Xanthobacter, Ancyclobacter, Azorhizobium, Labrys and Starkeya) . Thus, the family Hyphomicrobiaceae currently consists of 15 genera (List of Prokaryotic Names with Standing in Nomenclature; http://www.bacterio.cict.fr). The family is morphologically diverse and many members are budding and appendaged bacteria (i.e. the genera Ancalomicrobium, Blastochloris, Dichotomicrobium, Filomicrobium, Hyphomicrobium, Pedomicrobium, Prosthecomicrobium, Rhodomicrobium and Rhodoplanes; Garrity et al., 2005) . Most species in the family Hyphomicrobiaceae have been isolated from non-marine habitats, such as soil, freshwater, groundwater, swamps, plant rhizospheres, nitrifying inocula, chickens and sewage (Garrity et al., 2005) . Only a few members of the family Hyphomicrobiaceae have been isolated from marine environments (e.g. Dichotomicrobium thermohalophilum, Filomicrobium fusiforme, Hyphomicrobium aestuarii; Garrity et al., 2005) . Here, we describe a bacterium, with short prosthecae, isolated from coastal seawater in Korea.
Coastal seawater was sampled from the East Sea, Korea, and the sample was incubated with sand sediment in a glass Petri dish (150 mm diameter) at room temperature for approximately 15 months. An aliquot (100 ml) of surficial seawater above the sediment was taken and spread on a marine agar 2216 (MA; Difco) plate, which was then incubated at 30 u C for 1 week. An isolate, designated strain CL-GR60 T , was purified four times on MA at 30 u C. The strain was maintained both on MA at 30 u C and in marine broth 2216 (Difco) supplemented with 30 % (v/v) glycerol at 280 u C.
For 16S rRNA gene amplification with the PCR, DNA was extracted from a single colony by using a boiling method (Englen & Kelley, 2000) . The crude extract served as the template DNA. Taq DNA polymerase (Bioneer) and primers 27F and 1492R (Lane, 1991) were used for PCR experiments. The PCR product was purified by using the AccuPrep PCR purification kit (Bioneer) and direct sequence determination of the purified 16S rRNA gene was performed with an Applied Biosystems automated sequencer (ABI3730XL) at Macrogen (Seoul, Korea). An almost-complete 16S rRNA gene sequence of strain CL-GR60 T (1358 nt) was obtained and was compared with available 16S rRNA gene sequences in GenBank by using BLASTN searches (Altschul et al., 1990) . The sequence of strain CL-GR60
T was manually aligned with those of species in the family Hyphomicrobiaceae, obtained from the GenBank and Ribosomal Database Project (Cole et al., 2003) databases, using known 16S rRNA secondarystructure information. Phylogenetic trees were obtained using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods. An evolutionary distance matrix for the neighbour-joining method was generated according to the model of Jukes & Cantor (1969) . The robustness of tree topologies was assessed by means of bootstrap analyses (based on 1000 replications for the neighbour-joining and maximum-parsimony methods and 100 replications for the maximum-likelihood method). Alignment analysis was carried out using the jPHYDIT program (Jeon et al., 2005) and phylogenetic analyses were carried out using MEGA3 (Kumar et al., 2004) and PAUP, version 4.0 (Swofford, 1998) . Likelihood parameters were estimated by means of the hierarchical ratio tests in MODELTEST, version 3.04 (Posada & Crandall, 1998) .
Morphological and physiological tests were performed as follows. Gram-staining was performed as described by Smibert & Krieg (1994) . Cell motility was investigated by using the hanging drop method (Suzuki et al., 2001) . Cell morphology and flagellation were determined using transmission electron microscopy (EX2; JEOL). Anaerobic growth was checked on MA and on ZOF medium (Lemos et al., 1985) supplemented with agar (1.5 %) using the GasPak anaerobic system (BBL) at 30 u C for 10 days. Bacteriochlorophyll a production was determined in 90 % acetone extracts using a spectrophotometer (Ultraspec 2000; Pharmacia Biotech) for cells that had been grown for 10 days either in the light or in the dark.
The temperature range for growth was examined on the basis of colony formation on MA incubated at temperatures ranging from 5 to 40 u C (in increments of 5 u C). The pH range (pH 5-10, in increments of 1 pH unit) for growth was determined by assessing changes in the OD 600 over the incubation period (up to 7 days) in marine broth 2216 at 30 u C. The final pH was adjusted using 1 M NaOH and 1 M HCl solutions. The tolerance of strain CL-GR60
T to sea salts (Sigma) and to NaCl was determined by assessing changes in the OD 600 at 30 u C in ZoBell broth (Bacto peptone, 5 g; yeast extract, 1 g; ferric citrate, 0.1 g; distilled water, 1 l) with concentrations of 0-10 % (using increments of 1 % w/v) and 15 % (w/v) for sea salts and NaCl.
Oxidase and catalase tests were performed according to the protocols described by Smibert & Krieg (1994) . Gelatinase, amylase and nitrate reductase activities were determined as described by Hansen & Sørheim (1991) . Additional enzyme activities were assayed using the API ZYM kit (bioMérieux) according to the manufacturer's instructions except that the cell suspension was prepared using artificial seawater (NaCl, 24 g; MgCl 2 . 6H 2 O, 10.9 g; Na 2 SO 4 , 4 g; CaCl 2 . 2H 2 O, 1.5 g; KCl, 0.7 g; NaHCO 3 , 0.2 g; KBr, 0.1 g; H 3 BO 3 , 0.027 g; SrCl 2 . 6H 2 O, 0.03 g; NaF, 0.003 g; distilled water, 1 l; Lyman & Fleming, 1940 Baumann & Baumann (1981) but with the slight modification that full-strength artificial seawater was used instead of half-strength. Strain CL-GR60 T was incubated for 2 weeks at 30 u C and carbon utilization was scored as negative when growth was equal to, or less than, that in the negative control (which did not contain a carbon source). Resistance to antibiotics was determined by using the disc-diffusion plate method (Bauer et al., 1966) . Polar lipids were extracted using the procedures described by Minnikin et al. (1984) and were identified by means of two-dimensional TLC followed by spraying with the appropriate detection reagents (Komagata & Suzuki, 1987) . The fatty acid methyl esters in whole cells of strain CL-GR60 T grown at 25 u C for 7 days on tryptic soy agar (Difco) supplemented with 2.5 % (w/v) NaCl were analysed with gas chromatography according to the instructions of the Microbial Identification System (MIDI) at the Korean Culture Center of Micro-organisms (Seoul, Korea). The quinone system was determined as described by Minnikin et al. (1984) and was analysed using HPLC as described by Collins (1985) . The DNA G+C content was analysed using HPLC (HP 100; Hewlett Packard) analysis of deoxyribonucleosides as described by Mesbah et al. (1989) , after DNA extraction according to the method of Marmur (1961) . Lambda DNA was used as a standard.
The cells of strain CL-GR60
T were Gram-negative, rodshaped and approximately 0.4-0.6 mm wide and 1.5-2.0 mm long. Short prosthecae were present on the cell surface and cells were motile by means of monopolar flagella (Fig. 1) . After 7 days on MA at 35 u C, colonies were creamy and approximately 0.8 mm in diameter. Strain CL-GR60
T was strictly aerobic (Table 1) . Other phenotypic characteristics of strain CL-GR60
T are given in the genus and species descriptions and in Table 1 .
The predominant fatty acid in strain CL-GR60
T was C 18 : 1 v7c (54.7 %), a feature of the vast majority of species within the Alphaproteobacteria (Martens et al., 2006); this was followed by 11-methyl C 18 : 1 v7c (19.3 %), C 18 : 0 (14.4 %), C 16 : 0 (3.5 %), iso-C 19 : 0 (2.1 %), C 19 : 0 v8c cyclo (1.6 %) and C 18 : 1 2-OH (1.4 %; Table 2 ). The major isoprenoid quinone was Q-10. The DNA G+C content was 62.9 mol%.
Analysis of the 16S rRNA gene sequence revealed a clear affiliation between strain CL-GR60
T and the family Hyphomicrobiaceae (Fig. 2) . In all of the phylogenetic trees, strain CL-GR60
T formed a tight clade together with an uncultured bacterium clone (AKAU3805) obtained from uranium-contaminated soil (Brodie et al., 2006) . This clade was clearly separated from the nearest clade containing the genus Devosia and 'Candidatus Devosia euplotis', with high bootstrap support (100, 99 and 94 % in the neighbour-joining, maximum-parsimony and maximumlikelihood trees, respectively). Sequence similarities between strain CL-GR60
T and species of the genus Devosia, the genus Rhodomicrobium and the genus Hyphomicrobium (in the family Hyphomicrobiaceae) were 91.1-93.1, 89.7 and 85.5-89.5 %, respectively. The low levels of sequence similarity between CL-GR60 T and other bacteria and its distinct phylogenetic position indicated that the strain could be assigned to a novel genus.
Furthermore, phenotypic and chemotaxonomic characteristics can be used to differentiate strain CL-GR60
T from other related genera in the family Hyphomicrobiaceae. The presence of Q-10 as the sole major respiratory quinone serves to differentiate strain CL-GR60
T from the genera Devosia, Rhodomicrobium and Hyphomicrobium (Table 1) . Strain CL-GR60
T can be distinguished from the genus Devosia on the basis of its phenotypic traits, i.e. its ability Table 1 . Selected characteristics that serve to differentiate strain CL-GR60
T from related genera in the family Hyphomicrobiaceae Taxa: 1, strain CL-GR60 T ; 2, Devosia; 3, Rhodomicrobium; 4, Hyphomicrobium; 5, Ancalomicrobium. Data are from this study, , Nakagawa et al. (1996) , Rivas et al. (2003) , Gliesche et al. (2005) , Imhoff (2005) , Jenkins et al. (2005) , Yoo et al. (2006) and Yoon et al. (2007) . +, Positive; 2, negative; V, variable; ND, no data available; Q, ubiquinone; RQ, rhodoquinone. *Cells grow best under anoxic conditions in the light and are also able to grow under micro-oxic and oxic conditions in the dark (Imhoff, 2005) .
Cucumibacter marinus gen. nov., sp. nov.
to hydrolyse gelatin, its ability to produce lipase (C14) and its inability to produce N-acetyl-b-glucosaminidase (Table 1 ). In addition, strain CL-GR60 T can be differentiated from the genus Devosia by the proportions of C 16 : 0 and C 18 : 0 (Table 2) . Strain CL-GR60
T can be differentiated from the genus Rhodomicrobium by the strain's oxygen requirement for growth, its carbon-source utilization pattern (Table 1 ) and the fact that it possesses 11-methyl C 18 : 1 v7c ( Table 2 ). The ability of strain CL-GR60
T to utilize D-fructose (Table 1) , the presence of 11-methyl C 18 : 1 v7c and the absence of C 14 : 0 3-OH and C 16 : 0 3-OH (Table 2) serve to distinguish it from the genus Hyphomicrobium. Finally, the following features of strain CL-GR60
T allow it to be differentiated from the genus Ancalomicrobium: the oxygen requirement for growth, a lower DNA G+C content (by more than 7 mol%), the presence of motility and the inability to utilize succinate (Table 1 ).
The phylogenetic, chemotaxonomic and physiological data obtained in this study indicate that strain CL-GR60 T should be assigned to a novel genus in the family Hyphomicrobiaceae. Therefore, the novel isolate represents a novel genus and species, for which the name Cucumibacter marinus gen. nov., sp. nov. is proposed.
Description of Cucumibacter gen. nov.
Cucumibacter (Cu.cu9mi.bac.ter. L. n. cucumis cucumber; N.L. masc. n. bacter rod; N.L. masc. n. Cucumibacter a cucumber-like rod). Table 2 . Cellular fatty acid compositions (%) of strain CL-GR60
T and related genera in the family Hyphomicrobiaceae Taxa: 1, strain CL-GR60 T (this study); 2, Devosia (data from Yoon et al., 2007) ; 3, Rhodomicrobium (Urakami & Komagata, 1987a) ; 4, Hyphomicrobium (Urakami & Komagata, 1987b Cells are Gram-negative and rod-shaped. Short prosthecae are present on the cell surface. Cells are motile by means of monopolar flagella. Growth is strictly aerobic. Oxidase-and catalase-positive. Bacteriochlorophyll a is not detected. The major polar lipids are phosphatidylglycerol, diphosphatidylglycerol, two unidentified glycolipids, an unidentified phospholipid and an unidentified lipid. The predominant cellular fatty acids are C 18 : 1 v7c, 11-methyl C 18 : 1 v7c and C 18 : 0 . The isoprenoid quinone is Q-10. Phylogenetically, the genus is a member of the family Hyphomicrobiaceae. The type species is Cucumibacter marinus.
Description of Cucumibacter marinus sp. nov.
Cucumibacter marinus (ma.ri9nus. L. masc. adj. marinus referring to the sea, from where the type strain was isolated).
Displays the following properties in addition to those given in the genus description. After 7 days on MA plates at 35 u C, colonies are circular, convex, creamy and approximately 0.8 mm in diameter. Cells are approximately 0.4-0.6 mm wide and 1.5-2.0 mm long. Grows at 15-40 u C (optimum, 30-35 u C) and pH 6-9 (optimum, pH 7). Growth occurs at sea salts concentrations of 1-10 % (w/v) (optimum, 3-4 %) and at NaCl concentrations of 1-3 % (optimum, 2 %). Amylase and gelatinase are produced. Nitrate is not reduced to nitrite. With the API ZYM system, positive for alkaline and acid phosphatases, esterase (C4), esterase lipase (C8), b-galactosidase, bglucosidase, leucine arylamidase, lipase (C14) and naphthol-AS-BI-phosphohydrolase, but negative for achymotrypsin, cystine arylamidase, a-fucosidase, a-galactosidase, a-glucosidase, b-glucuronidase, a-mannosidase, N-acetyl-b-glucosaminidase, trypsin and valine arylamidase. Utilizes L-arabinose, L-arginine, L-asparagine, betaine, D-fructose, D-galactose, D-glucose, glutamic acid, glycerol, lactose, D-and L-leucine, D-mannitol, mannose, pyruvate, sucrose and trehalose as sole carbon sources, but not DLcysteine, dimethyl sulfide, glycine, p-hydroxyphenylacetate, maleic acid, succinate or urea. Cells are sensitive to (mg per disc) ampicillin (10), cephalexin (30), chloramphenicol (30), erythromycin (15), penicillin G (10) and vancomycin (30) but resistant to gentamicin (10), nalidixic acid (30) and streptomycin (10). The DNA G+C content is 62.9 mol%. In addition to the polar lipids listed in the genus description, minor or trace amounts of phosphatidylcholine, phosphatidylethanolamine, an unidentified phospholipid, an unidentified aminophospholipid and three unidentified lipids can be detected.
The type strain, CL-GR60 T (5KCCM 90027 T 5DSM 18995 T ), was isolated from coastal seawater from the East Sea, Korea.
